In a patient with an old head injury, violent nose-blowing can have dangerous consequences.
A man aged 54 had a three-week history of nasal discharge and reduced hearing with pain in the left ear. The earache, accompanied by a sensation of¯uid in the ear but no discharge, had begun after an episode of violent noseblowing. He also had a persistent watery nasal discharge, which he had been trying to relieve by further blowing of the nose. His general practitioner treated him unsuccessfully for otitis, with antibiotics and syringing. A few hours before admission to hospital the patient had become confused and disoriented. In his medical history the only noteworthy incident was a childhood left occipital depressed skull fracture without any intracranial injuries.
On admission to our department the Glasgow Coma Score was 11 (eyes 4, verbal 1, motor 6). He had¯uid behind the left tympanic membrane and temperature was 37.3 8C; there were no focal neurological de®cits. Leaning him forward produced large amounts of watery¯uid leakage from his nose.
A computed tomographic scan revealed extensive intraventricular air in the lateral and third ventricles. There was also evidence of previous skull trauma with underlying encephalomalacia in the left occipital region but no base-ofskull fractures (Figure 1) . A magnetic resonance scan ruled out a cerebral abscess. There was no evidence of infection in cerebrospinal¯uid (CSF) obtained by lumbar puncture. Subsequently, a left mastoidectomy was performed; a CSF ®stula was found and repaired and a lumbar drain was left in situ for 5 days. Postoperatively the Glasgow Coma Score improved to 15. There was no further CSF leak, and he was discharged home with strict instructions not to blow his nose.
COMMENT
The term pneumocephalusÐa collection of air within the skullÐwas coined by Wolff in 1914 1 , but Chiari in 1884 was the ®rst to report a case of intracranial pneumocephalus, in a patient with severe ethmoiditis 2 . Most cases of pneumocephalus today are due to head trauma 3,4 , followed in order of frequency by neoplasia, infections (such as otitis 3, 5 , sinusitis 3,6 and intracranial infection 3,7 ) and medical interventions 3 .
Two main theories have been suggested for the pathophysiological basis of pneumocephalus. The ®rst is the`ball-valve' mechanism, whereby air enters the intracranial space (by coughing, sneezing or nose-blowing) through a cranial defect and becomes trapped by the meninges or brain, increasing the intracranial pressure. Usually there is no associated CSF leak 8 . The second is thè inverted-bottle' mechanism: as CSF leaks from the intracranial space, negative pressure within the cranium causes air to be sucked in 3 .
In our case pneumocephalus developed unusually late after trauma. Following the childhood head injury, the breeched dura and mastoid air cells were separated only by a thin plate of bone. This was eventually fractured by violent blowing of the nose, causing CSF to leak ®rst into the mastoid air cells and then into the middle ear, down the eustachian tube and out through the nose. The CSF leak in turn caused intracranial hypotension, permitting air entry into the cranial cavity. The initial pneumocephalus therefore seems in this case to have developed through the invertedbottle mechanism. The pneumocephalus, however, was made worse by the patient's continuous nose-blowing to clear the troublesome rhinorrhoea. A ball-valve mechanism therefore may also be implicated here whereby air entered the cranial cavity via the middle ear and the eustachian tube as a result of a rise in the nasopharyngeal pressure during nose blowing 8 . Air reached the intraventricular space either by direct migration or through the foramina of Luschka and Magendie. Initially, the patient's ventricular system was buffering against changes in intracranial pressure until it was suf®ciently drained of CSF such that it could no longer compensate, leading to symptomatic intracranial hypotension.
This case illustrates how post-traumatic pneumocephalus can develop many years after a head injury. In a patient with transient watery nasal discharge and a history of cranial trauma, the possibility of CSF rhinorrhoea should be borne in mind. Pedestrian injuries are a leading cause of mortality and morbidity in childhood 1 . In most cases the child is struck by a fast-moving vehicle, but injuries sustained in the driveway form a distinct subgroup 2 . We report four cases seen over a 5-year period (1995±1999) in a regional paediatric surgical centre.
CASE HISTORIES
Case 1 A girl aged 2 sustained a severe crush injury to the chest and abdomen after being run over by a neighbour who was reversing the car in the driveway. In the accident and emergency department she was noted to have a widespread petechial rash and suffusion over her upper chest, neck and face. There was patterned bruising on the abdomen. On primary survey her airway was patent, but she was tachypnoeic and required face mask oxygen to maintain a normal oxygen saturation. Her peripheral perfusion was poor but her haemodynamic status became normal after an intravenous bolus of 20 mL/kg of crystalloid. A computerized tomographic (CT) scan of the abdomen and chest revealed evidence of pulmonary contusion, a capsular tear in the spleen, contusion around the second part of the duodenum and super®cial lacerations of the liver, particularly in the region of the caudate lobe. Her injury severity score (ISS) 3 was 26. She was electively intubated and ventilated and received intravenous analgesia, broad-spectrum antibiotics, chest physiotherapy and nasogastric enteral feeding. She was managed non-operatively and serial ultrasound imaging demonstrated resolution of her intra-abdominal injuries. She was extubated after 6 days and discharged home after 17 days, eventually making a complete recovery.
